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Abstract
Middle Permian radiolarian and conodont fossils were found from the siliceous rocks of the
Gufeng Formation in the Zigui area, the western part of Hubei Province, China. Radiolarians
Pseudoalbaillella fusiformis and Follicucullus monacanthus were discovered from the Zhengjiawan
and the Xiakou sections, respectively, and conodont Jinogondolella cf. postserrata was encountered
from the Hongweiqiao section. The radiolarian-bearing strata of the Gufeng Formation in the
Zhengjiawan section are correlated to the Pseudoalbaillella fusiformis-Pseudoalbaillella longtanensis
Zone of Wang and Qi (1995), and that in the Xiakou section is correlated to the Follicucullus
monacanthus Zone, respectively. Jinogondolella cf. postserrata from the Hongweiqiao section may
indicate Capitanian in age. The Gufeng Formation of the Zigui area is correlated with the same
formation of the Songzi-Wufeng area in Hubei Province and also in Anhui and Sichuan provinces on
the basis of the radiolarian biostratigraphy. The onset of deposition of the Gufeng Formation coincides
with the Pseudoalbaillella fusifonnis-Pseudoalbaillella longtanensis Zone at most sections in the
Hubei, Anhui, and Sichuan provinces, while the end of the deposition differs in radiolarian zones from
the Pseudoalbaillella fusiformis-Pseudoalbaillella longtanensis Zone to the Follicucullus scholasticus
Zone in the Middle Permian. The Gufeng Formation is the depositions of deep basin on the Yangzi
Massif. Therefore, the difference in duration of the Gufeng deposits may indicate the local topographic
difference in depositional basin, and also its local tectonic difference on the Yangzi Massif.
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Introduction
Studies on Permian radiolarians from South China
have progressed for the past 20 years. Some of them are
reports on findings of radiolarian fossils (e.g., Sheng and
Wang, 1985; Nagai and Zhu, 1992; Wang and Qi, 1995),
and others are focused on radiolarian biostratigraphy (e.g.,
Wang et al., 1994; Xia et al., 2005). Also, papers on
systematic classification of Permian radiolarians have
increased in recent years (e.g., Feng et aI, 2006). Permian
radiolarians are found throughout the South China Block,
and these have been extracted from Anhui, Zhejiang,
Jiangsu, Sichuan, Guizhou, and Guangxi provinces.
However, radiolarian studies are few in the Hubei
Province.
We carried out fieldwork in Hubei Province during
mid-March, 2006 (Project No. 20 by Yao A.), and this
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Fig. 1 Index map of the study sections in the Zigui area,
Hubei Province, China.
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work was mainly focused on the Middle Permian
radiolarian-bearing strata. We made a report on Middle
Permian radiolarians from the Songzi-Wufeng area
(Kuwahara et al., 2007a). The radiolarian assemblage from
the Gufeng Formation in this area contains
Pseudoalbaillella fusijormis and Pseudoalbaillella cf.
globosa, and it was correlated with that of the
Pseudoalbaillella fusiformis- Pseudoalbaillella long-
tanensis Zone of Wang and Qi (1995). Here we report
Middle Permian radiolarians and encountered conodonts
from the siliceous rocks in the Zigui area, Hubei Province.
We also mention the biostratigraphic meaning of these
fossils on the basis of radiolarian biostratigraphic
correlation.
Geologic setting and samples
The Permian strata are well exposed in Hubei
Province. According to the Bureau of Geology and
Mineral Resources of Hubei Province (1990), distribution
of the Permian strata in Hubei Province is divided into the
following three areas by their stratigraphic features and
difference of lithology: 1, the Enshi-Huangshi Area of the
south and west parts of the province; 2, the Fangxian-Zhuxi
Area of the west, a small part of the province; and 3, the
Yunxi Area of the north and east parts of the province. The
studied sections in this paper belong to the Enshi-Huangshi
Area. The Permian strata include the Qixia, Maokou
(Gufeng), Longtan (Wujiaping), and Dalong (Changxing)
formations in ascending order. The Bureau of Geology and
Mineral Resources of Hubei Province (1990) at page 659,
described the Permian strata in the Ensbu-Huangshi Area as
follows:
The Permian in this area is dominated by carbonate
rocks, with silicalite and coal-bearing clastics. The Lower
Permian includes the Qixia and Maokou (Gufeng)
Formations . ... (omittion)... The Maokou Formation is
identical in age with but different in facies from the Gufeng
Formation. The former includes three sedimentary types.
The first type is entirely carbonate rocks; the second
consists of siliceous clastics in the lower or mid-lower
parts and of limestone in the mid-upper part; the third is
composed of limestone in the middle and lower parts and of
siliceous clastics in the upper part. The whole Maokou
Formation generally contains three fusulinid zones, which
are, in ascending order, as follows; the Verbeekina grabaui
zone, the Pseudodoliolina-Chusenella conicocyliadrica
zone and the Neoschwagerina-Yabeina zone. At silicate
section of the formation, the ammonite faunas of
Altudoceras and Paragastrioceras occur. The Gufeng
Formation is composed of siliceous clasticus containing
the above ammonite faunas.
In other words, in the Enshi-Huangshi Area, the
Maokou Formation was named by the dominance of
carbonate rocks with or without siliceous clastic
rocks,while the Gufeng Formation was named for entirely
siliceous rocks within the whole formation.
However, in this paper, the usage of Gufeng
Formation is different from that of the Bureau. Since we
focus on the presence of siliceous rocks, we use the
following three formation names for the Middle Permian in
this area based on the lithology in outcrop-scale without
regard to the dominance of rock-types, as follows.
Whereas the Maokou Formation is for carbonate rocks, the
Gufeng FOlmation is for siliceous rocks, and the Wangpo
Formation is for the carbonaceous clastic rocks. The
Wangpo Formation includes coal and it develops above the
upper part of the Maokou and Gufeng formations.
The materials for this study were collected from three
sections in the Zigui area, western Hubei Province, China.
We collected siliceous rocks from the Gufeng (Maokou) to
Changxing formations for the radiolarian biostratigraphic
study. The locality (Fig. 1), lithology (Fig. 3), and sample
number of each section (Fig. 5) are as follows.
1. Hongweiqiao section (R3785-R3821)
The Hongweiqiao section is situated near Yanglin
Town, Zigui area, Hubei Province. The section name,
Hongweiqiao, is derived from the name of a small bridge.
The GPS value of this section is N30' 45.679', EllO'
46.102'. The strata continuously crop out along a river,
from the Lower Permian Qixia Formation to the Lower
Triassic Daye Formation (Fig. 4). The Qixia Formation
consists of black limestone with siliceous nodules. The
Maokou Formation consists of white limestone with thin
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Fig. 2 Photographs of outcrop in the study sections in the Zigui area, Hubei Province, China. 1: Limestone of the
Maokou Formation in the Hongweiqiao section. Yao Akira is looking for cherty layers. 2: Well-bedded
limestone of the Wujiaping Formation in the Hongweiqiao section. Samples from R3799 to R3802 were
collected here. Ii Zhansheng is standing for scale. 3: Siliceous mudstone of the Gufeng Formation in the
Xiakou 2 section. The sampling horizon of R3846 is shown by the sample sack. 4: Black chert of the
uppermost part of the Gufeng Formation in the Zhengjiawan 1 section. Sample sacks from R3865 to R3870
indicate the sampling horizons. 5: The boundary of the Gufeng Formation (calcareous mudstone, limestone,
and chert; lower) and the Wangpo Formation (mudstone with coal, limestone, and chert; upper) in the
Zhengjiawan section. Feng Shaonan points to the boundary. 6: Briquets are made out of the Wangpo Coal at
the local factory near the outcrop of the Zhengjiawan section.
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Fig. 3 Columnar sections and sampling horizons of the Hongweiqiao, Xiakou and Zhengjiawan sections in the Zigui
area, Hubei Province, China.
siliceous layers (Fig. 2-1). The thickness of the Maokou
Formation is more than 100 meters. The uppermost part of
the Maokou Formation changes to calcareous and siliceous
mudstone, and this siliceous part may correlate to the
Gufeng Formation. Although the overlaying Wangpo
Formation is not well cropped out, we can see some coal-
bearing mudstone in the terrace deposits. The Wujiaping
Formation is well-bedded limestone with cherty layers
(Fig. 2-2). The Changxing Formation is white thick
limestone with coral-like fossil. The uppermost Changxing
Formation consists of red, black, and grey chert layers
about five meters thick. Thirty-seven rock samples
(R3 785 -R3 821) were collected from this section for
radiolarian study (Fig. 3).
2. Xiakou section (R3822-R3863)
The Xiakou section is located along a small path on a
mountainside near Changcen Village, Zigui area, Hubei
Province. Although the siliceous strata of the Xiakou
section are correlated to the upper part of the Maokou
Formation according to Bureau of Geology and Mineral
Resources of Hubei Province (1990), we regard them as the
Gufeng Formation in this paper. Two subsections are
treated herein, as follows.
Xiakou 1 section: The GPS value of this subsection is
N30° 49.217', EllO° 42.748'. The Xiakou 1 section consists
of black chert and brown mudstone layers, which belong to
the Gufeng Formation. The strata dip 300 south, strike 200
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Fig. 4 Route map of the Hongweiqiao section in the Zigui area, Hubei Province, China.
west, and about 2 meters thick. Eleven rock samples
(R3822-R3832) were collected from tllis section.
Xiakou 2 section: The GPS value of this subsection is
N30' 49.079', EllO' 42.871'. This section is mainly
composed of black chert with thin black mudstone (Fig.
2-3), which belongs to the Gufeng Formation. Each cherty
bed is several centimeters in thickness. The strata clip 70'
south, strike 30' west, and is 7 meters in thickness. Thirty-
one rock samples (R3833-R3863) were collected from this
section.
3. Zhengjiawan section (R3864-R3914)
The Zhengjiawan section is located at Zhengjiawan,
Yanglin Town, Zigui area. The section ranges from the
Maokou Formation to the Changxing Formation. Four
subsections were studied in the Zhengjiawan section.
Zhengjiawan 1 section: The GPS value of this
subsection is N30' 46.421', EllO' 42.854'. The Zhengjiawan
1 section is represented by the Gufeng Formation, which
overlies thick limestones of the Maokou Formation. The
Gufeng Formation consists of black chert, calcareous
limestone, and muddy limestone and is 11 meters in
thickness. Nineteen samples (R3864-R3882) were
collected from cherty layers and nodules in the Gufeng
Formation.
Zhengjiawan 2 section: This subsection is close to the
Zhengjiawan 1 section and located near a quarry that nlined
for coal of the Wangpo Formation. Briquets are made out
of this Wangpo Coal at a local nlill, located at the foot of
the hill, near the Zhengjiawan 4 section (Fig. 2-6). The
Zhengjiawan 2 section is composed of the Gufeng, the
Wangpo and the Wujiaping formations, in ascending order.
The Gufeng Formation consists of thick white limestone
and calcareous mudstone with cherty layer and limestone
layers. The overlying Wangpo Formation is carbonaceous
mudstone with coal. The Wujiaping Formation above the
Wangpo Formation is grey-white bedded limestone
including corals, brachiopods, and crinoids. 1\velve chert
samples (R3883-R3894) were collected from the Gufeng
Formation (Fig. 3). One chert sample (R3895), which is a
nodule in limestone, was collected from the basal part of
the Wujiaping Formation.
Zhengjiawan 3 section: This subsection is located
southeast to the Zhengjiawan 1 and 2 subsections and along
a small road. This subsection is a part of the Wujiaping
Formation. 1\velve samples (R3896-R3907) were collected
from this subsection. All samples are black chert layers
(4-8 em thickness) in grey limestone beds (10-25 em
thickness).
Zhengjiawan 4 section: The GPS value of this
subsection is N30' 46.342', Ella' 42.937'. This subsection
crops out on the hillside, although the former 3 subsections
are located along a small road. The section is cherty
intervals in the Changxing Formation, which is mainly
composed of limestone and dolostone. The thickness of the
cherty layers is from ten to twenty centimeters. We
collected seven chert samples (R3908-R3914) for the
radiolarian study.
Methods
Rock samples (total 130) were immersed in dilute
hydrofluoric acid (5 %) for about 24 hours. Residue were
collected using 36- and 200-mesh sieves. This treatment
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was repeated five times for fossil-bearing samples.
Microfossils were observed under a binocular microscope
and were identified first. One hundred forty specimens of
microfossils were picked up by a fine brush under a
microscope, and photomicrographs of 40 specimens were
taken by the scanning electron microscope (Keyence
VE-7800),
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Fig, 5 Sample list showing the occurrence of radiolarians and other microfossils in the study section ,
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Fossil occurrence and geologic age
The occurrence of the fossil taxa is shown in Fig. 5.
Photomicrographs of fossils are shown in Figs. 6, 7 and 8.
Hongweiqiao section: Well-preserved radiolarian
fossils were not found throughout the Hongweiqiao
section, although conodonts and sponge spicules are found
from the Gufeng Formation. Jinogondolella cf.
postserrata (Behnken) and Jinogondolella sp. were
encountered conodont fossils from the sample R3798 of the
uppermost part of the Gufeng Formation (Fig. 6).
Jinogondolella postserrata is a widely recognized index
fossil in China, and the Jinogondolella postserrata Zone
was established for the Capitanian (e.g., Mei et aI., 1994).
Sponge spicules and bryozoans were found in the
Wujiaping Formation. Sponge spicules, conodonts,
foraminifers, ostracoda, and bryozoans occured in the
Changxing Formation.
Xiakou section: While no fossil was found in the
Xiakou 1 section, radiolarians and sponge spicules were
found in the Xiakou 2 section. In sample R3846 in the
Xiakou 2 section, moderately preserved radiolarians
Follicucullus monacanthus Ishiga and Imoto, Follicucullus
sp., and Hegleria? sp. were detected (Fig. 7). Fragments of
Follicucullus occur abundantly, although well-preserved
specimens are few. Follicucullus monacanthus,
Follicucullus sp. and Hegleria? sp. were also found from
the sample R3838. Several samples yield only spherical
radiolarians, but the preservation is not good. Based on the
abundant occurrence of Follicucullus monacanthus, the
Xiakou 2 section is correlated to the Follicucullus
monacanthus Zone of Wang and Qi (1995) and also the
Fig. 6 Photomicrographs (a and b are a stereoscopic
pair) of conodont Jinogondolella cf. postserrata
from R3798 of the Hongweiqiao section in the
Zigui area.
Follicucullus monacanthus Zone ofIshiga (1986).
Zhengjiawan section: Radiolarians including Hegleria
and Pseudoalbaillella occur within the samples from
R3864 to R3876 in the Gufeng Formation of the
Zhengjiawan 1 section. Radiolarian tests occur abundantly,
though poor in preservation. In the sample of R3869,
Pseudoalbaillella sp. A2, Pseudoalbaillella cf. fusiformis
(Holdsworth and Jones), Pseudoalbaillella sp., Hegleria
sp., Entactinaria gen. et sp. indet., and unnamed spherical
radiolarians were found (Fig. 8). Pseudo-
albaillella sp. A2 herein resembles Pseudoalbaillella
scalprata (Holdsworth and Jones) by Wang and Qi (1995,
P1.3, 1-4) and Pseudoalbaillella sp. A by Kuwahara et al.
(2007b, P1.2, 16-17), although it may differ in its small
size. Samples R3866 and R3876 contain
Pseudoalbaillella? sp.A2. Sponge spicules and conodonts
are also found in several samples. Based on the radiolarian
composition, the lower part of the Gufeng Formation of the
Zhengjiawan section is most likely to correlate with the
Pseudoalbaillella fusiformis - Pseudoalbaillella
longtanensis Zone of Wang and Qi (1995) and
Pseudoalbaillella globosa Zone of Ishiga (1986). From the
Wangpo Formation of the Zhengjiawan section, sponge
spicules and foraminifers were found. Only a few sponge
spicules are detected from the Wujiaping Formation. From
the Changxing Formation, abundant sponge spicules with
foraminifers and ostracoda were found. However, index
radiolarian species for age determination were not found
from the Wangpo, Wujiaping and Changxing formations in
the Zhengjiawan section.
Discussion
Middle Permian siliceous sequences are widely
distributed on the Yangzi Massif. The siliceous sequences
have some different local formation names by different
regions in South China. Some siliceous sequences are
called as the Gufeng Formation, and in some cases are
included in the Maokou Formation of equivalent age.
Others are called as different local formation names. These
siliceous sequences are expected to yield radiolarian
fossils.
Although Permian radiolarian research in China has
advanced recently, radiolarian examination in Hubei
Province had been minimal still (e.g., Kuwahara et aI.,
2007a; Kakuwa et aI., in press). Kuwahara et al. (2007a)
reported the Pseudoalbaillella fusiformis-Pseudoalbaillella
longtanensis Zone from the Gufeng Formation in the
Songzi-Wufeng area, Hubei Province. In this study, the
Pseudoalbaillella fusiformis - Pseudoalbaillella
longtanensis Zone and the Follicucullus monacanthus
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Fig. 7 Photomicrographs of radiolarian fossils from sample R3846 in the Xiakou section, Zigui area. 1-3:
Follicucullus monacanthus Ishiga and Imoto, 4-10: Follicucullus sp., 11-13: Hegleria? sp.
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Fig. 8 Photomicrographs of radiolarian fossils from sample R3869 in the Zhengjiawan section, Zigui area. 1-7:
Pseudoalbaillella sp. A2, 8-12: Pseudoalbaillella spp., 13-14: Pseudoalbaillella cf. ju.siformis (Holdsworth
and Jones), 15-16: Fragments of Pseudoalbaillella?, 17-18: Entactinaria gen. et sp. indet., 19: spherical
radiolaria, 20-23: Hegleria sp.
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Zone of Wang and Qi (1995) were newly recognized from
the Gufeng Formation in the Zigui area. Based on these
Middle Permian radiolarian occunences, we can compare
the radiolarian assemblages in Rubei Province with those
of Anhui, Jiangsu, and Sichuan provinces reported by Wang
and Qi (1995), Kuwahara et al. (2007b), Yao and Kuwahara
(1999) and others. Fig. 9 shows the correlation of the
Gufeng Formation of Sichuan, Rubei and Anhui provinces
by means of radiolarian biostratigraphy.
The type locality of the Gufeng Formation is situated
in Anhui Province, where siliceous sequences are well
developed. Three radiolarian zones were recognized in the
Gufeng Formation (Wang and Qi, 1995): these are the
Pseudoalbaillella fusiformis- Pseudoalbaillella long-
tanensis Zone (lower), the Follicucullus monacanthus Zone
(midcLle) and the Ruzhencevispongus uralicus-Follicucullus
scholasticus Zone (upper) in ascending order.
In Rubei Province, siliceous sequences are not well
developed within the Middle Permian strata, but the lower
and middle radiolarian zones in three zones settled in
Anhui Province are now recognized. The upper
Ruzhencevispongus uralicus-Follicucullus scholasticus
Zone is not recognized yet in Rubei Province. In the
Songzi-Wufeng area (Yuyangguan section, in Fig. 9), the
Gufeng Formation directly covers the Qixia Formation and
is overlain by the Wangpo Formation. In the Zigui area,
the Gufeng Formation covers the Maokou Formation,
which is well developed in this area, and is overlain by the
Wangpo Formation. The formation below the Gufeng
Formation is different from the Songzi-Wufeng area. The
onset of the Gufeng Formation is different between the two
areas, but its radiolarian zone is same. It is unclear now
and more study is necessary, but some possibilities could
be proposed also. We should confirm the age of the
uppermost parts of the Qixia and Maokou formations of
these sections. The time duration of the Pseudoalbaillella
fusiformis-Pseudoalbaillella longtanensis Zone may be
relatively long. There is a possibility that the onset of the
siliceous deposition is isochronous in several sections in
the Middle Permian time. If so, it may indicate the onset of
Gufeng Formation is isochronous in several sections,
meaning the depositional basins become deeper, or some
event increased the silica deposition. In the upper Middle
Permian of Rubei Province, the Wangpo Formation is
characteristically distributed over the Gufeng Formation in
the studied sections. The Wangpo Formation includes
coals, meaning drastic change in the sedimentary basin
with shallowing-upward.
In the Guangyuan-Shangsi section, northern Sichuan
Province (Yao and Kuwahara, 1999), where siliceous
Yangzi Massif
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Fig. 9 Generalized cOtTelation of study sections and some of the Middle Permian strata in South China Block. The
thickness of columns does not indicate the real thickness of each strata, it indicates the range of the age by
radiolarian biostratigraphy.
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sequence such as the Gufeng Formation is not developed,
radiolarians including Pseudoalbaillella fusiformis was
found from the chert layers of the Maokou Formation.
These chert layers are also correlated to the
Pseudoalbaillella fusiformis - Pseudoalbaillella
longtanensis Zone.
The Gufeng Formation covers the Qixia or Maokou
formations. The onset of deposition of the Gufeng
Formation is the Pseudoalbaillella fusiformis-
Pseudoalbaillella longtanensis Zone in several sections on
the Hubei, Anhui, and Sichuan provinces, except for the
Hongweiqiao section, while the age of the end of the
deposition varied from the Pseudoalbaillella fusiformis-
Pseudoalbaillella longtanensis Zone to the Follicucullus
scholasticus Zone. The Gufeng Formation is regarded as
the sediments in a deep basin setting on Yangzi Massif.
The difference in duration of the Gufeng Formation may
indicate the local topographic difference in depositional
basin, and also its local tectonic difference on the Yangzi
Massif. Moreover, Middle-Late Permian radiolatians have
been found from siliceous rocks in Guangxi, China (e.g.,
Yao et aI., 2007). Correlation by radiolarian bio-
stratigraphy may reveal the paleogeographic reconstruction
of South China Block, in Permian time. More racliolarian
biostratigraphic studies are necessary to discuss the precise
correlation to other areas.
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